Electroluminescent zinc sulfide doped with copper and chloride (ZnS:Cu, Cl) powder was heated to 400°C and rapidly quenched to room temperature. Comparison between the quenched and non-quenched phosphors using synchrotron radiation X-ray powder diffraction (XRPD) (λ = 0.828692 Å) and X-ray absorption spectroscopy (XAS) was made. XRPD shows that the expected highly faulted structure is observed with excellent resolution out to 150°2θ (or to (12 2 2) of the sphalerite phase). The quenched sample compared to the unheated sample shows a large change in peak ratios between 46.7°and 46.9°, which is thought to correspond to the wurtzite (0 0 6), (0 3 2) and sphalerite (3 3 3)/(5 1 1) peaks. Hence, a large proportion of this sphalerite diffraction is lost from the material upon rapid quenching, but not when the material is allowed to cool slowly. The Zn K-edge XAS data indicate that the crystalline structures are indistinguishable using this technique, but do give an indication that the electronic structure has altered due to changing intensity of the white line. It is noted that the blue electroluminescence (EL) emission bands are lost upon quenching: however, a large amount of total EL emission intensity is also removed, which is consistent with our findings. We report the XRPD of a working alternating-current electroluminescence device in the synchrotron X-ray beam, which exhibits a new diffraction pattern when the device is powered in an AC field even though the phosphor is fixed in the binder. Significantly, only a few crystals are required to yield the diffraction data because of the high flux X-ray source. These in panel data show multiple sharp diffraction lines spread out under the region, where capillary data show broad diffraction intensity indicating that the phosphor powder is comprised of unique crystals, each having different structures.
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Introduction
Commonly used phosphors for thick film powder alternating current electroluminescence (ACEL) give blue-green emissions that can be de-convoluted into multiple components, one (or two; Stanley et al. 2010) in the blue region of the spectrum and another in the green region (Silver et al. 2006) . The former has been assigned to a blue copper transition originating on a copper centre that is surrounded tetrahedrally by three sulphide ions and a vacant sulphide site in the ZnS lattice (where the copper is in a Zn 2+ lattice site) (Stanley et al. 2010) . The green emission has been assigned to a similar copper site, but instead of a vacancy there is a chloride ion that makes up the tetrahedral coordination (Stanley et al. 2010) . It has long been recognized that disorder (stacking faults) needs to be introduced into the crystal structure of the material and maximum use of the disorder should be made in order to produce a bright electroluminescent (EL) phosphor (McKeag & Steward 1957 , Short et al. 1956 ). However, the debate continues on the exact nature of the EL process (Bredol 2010) . Understanding the ACEL mechanism should lead to improved phosphors that offer higher device efficiency.
Method
Powder ACEL panels were prepared on indium tin oxide-coated polyethylene terephthalate as the transparent electrode substrate. The substrate was screen printed with a phosphor layer that comprised unencapsulated ZnS:Cu, Cl ACEL phosphor powder (Osram Sylvania, USA) and ethyl cellulose binder in a hexanol solution (Sigma Aldrich, UK) and dried in an oven at 130°C for 10 min. Orgacon (PEDOT/PSS; Agfa Materials, UK) was screen printed to form the bottom electrode after drying in an oven at 130°C for 10 min. Conductive aluminium tape was attached to each electrode and the light output of the panel was measured as 48.3 cd m −2 at 150 V RMS and 2 kHz. The panel was run at 110 V and 400 Hz for the XRPD measurement. Powder samples were mounted into 0.7 mm capillary tubes and the data were collected using BL-I11 at the Diamond Light Source (Thompson et al. 2009) . Extended X-ray absorption fine structure (EXAFS) measurements were conducted in air at room temperature using the KMC2 graded doublecrystal monochromator of the electron storage ring BESSY-II in Berlin. Spectra were recorded at the Zn K-edge using an ionization chamber in transmission mode. The beam line maximum flux at an energy of 8.5 keV is in the order of 10 10 photons s −1 .
Results and discussion
Comparison between the quenched and non-quenched phosphors using XRPD (λ = 0.828692 Å) and X-ray absorption spectroscopy (XAS) was made. XRPD ( figure  1a) shows that the expected highly faulted structure is observed with excellent resolution out to 150°(or to (12 2 2) of the sphalerite phase). The quenched sample compared to the reference sample shows a large change in peak ratios between 46.7°and 46.9°, which is thought to correspond to the wurtzite (0 0 6), (0 3 2) and sphalerite (3 3 3)/(5 1 1) peaks (Figure 1b) . Hence, a large proportion of this sphalerite diffraction is lost from the material upon rapid quenching, but not when the material is allowed to cool slowly (the heated sample showed reversible thermal expansion). Figure 1a shows the separation of the sphalerite (1 1 1) and wurtzite (0 0 2) diffraction lines, with very broad diffraction intensity shown whereby
diffraction intensity is observed among the three peaks. In figure 1(b) , the region between 46.7°and 46.9°is shown, which corresponds to the wurtzite and sphalerite lines indicated. On quenching, the sphalerite intensity is dramatically reduced.
The Zn K-edge XAS data (figure 2) do not allow for an easy understanding of the subtle crystallographic differences between quenched and non-quenched specimens. However, the data indicate that the electronic structure has altered due to changes in Zn K-edge shape. The blue EL emission bands are also lost upon quenching, although a large amount of all EL emission intensity is removed, which is consistent with these findings.
It was possible to collect powder diffraction data for just a few grains of phosphor in a printed ACEL panel due to the high-flux X-ray source provided by synchrotron radiation. The XRPD of a working ACEL device is shown in figure 3 . When the AC field is applied across the EL phosphor, the diffraction peaks are all observed to shift, but remain within the region where broad diffraction intensity is observed for a normally collected powder sample (i.e. random orientation). Indeed, the sharp diffraction lines are observed to span across each broad diffraction area associated with the sphalerite phase. The panel exhibits a different diffraction pattern when the device is powered in an AC field even though the phosphor is fixed in the binder (no dielectric powder was added to the panel). These in panel data (off and on) show multiple sharp diffraction lines spread out under the region, which is shown using capillary data to manifest broad diffraction intensity. This indicates that the phosphor powder is comprised of unique crystals, each having different (faulted) structures. FIGURE 2. XAS data in R and E (inset) scale.
Crystal structure of quenched and in-field electroluminescent phosphors
Conclusions
Upon quenching the EL phosphor, a change in the structure is observed corresponding to (h 2 + k 2 + l 2 ) = 27. The XAS data could not be fitted accurately due to the faulted nature of the ZnS lattice, but it is apparent that a large reduction in the Zn K-edge is seen for the quenched phosphor. We have reported the XRPD data of the phosphor in a working ACEL panel, which will be studied further.
